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SUPPLEMENTARY MATERIALS

Fig. S1. Comparison between the estimated C/N ratios of the BSE and measured C/N ratios of CI and other carbonaceous chondrites. (A)
The average C/N ratio of the BSE along with its standard deviation (1) is compared with the average C/N ratio of CI-chondrites along with its standard deviation via Gaussian probability distribution functions. The average C/N ratio of the BSE is distinctly greater than the average C/N ratio of CI-chondrites with no statistical overlap within a 1-σ range while there is a small but statistically insignificant overlap (~0.05 probability density area) within a 2-σ range. Probability density functions for other classes of carbonaceous chondrites are also plotted for comparison. (For details see table S1 ; carbonaceous chondrite compositional data is from (68, 69)). (B) Probability density functions for all previous estimates (1, 2, 7, 9, 13, 70 ) of the C/N ratio of the BSE are compared with the C/N ratio of CI-chondrites.
The average C/N ratios of the BSE from all literature estimates are distinctly greater than the average C/N ratio of CI-chondrites. show a positive correlation with P while the series of experiments conducted at 1800 °C have almost double the C and N contents that low T data have. The C solubility in an N-free system (3, 4, 14, 24, 25, 56, 57) is lower than in an N-present system in this study and previous studies (12), potentially owing to the formation of CN complexes as corroborated by the Raman spectra ( fig.   S4 ). Error bars are 1- and, if absent, are smaller than the symbol size. the present study and previous studies (3, 4, 12, 14, 24, 25) versus values predicted using Eq. 3.
(B)
The alloy/silicate C D values from the present study and previous studies (3, 4, 12, 14, 24, 25) versus those predicted using Eq. 4. not equilibrate with the core-forming alloy (i.e., was delivered primarily as a late veneer), then the present-day superchondritic C/N ratio of the BSE cannot be attained, and the abundances of the volatiles would be much higher than in the present-day BSE. With an increase in the percentage of volatile participation in an alloy-silicate equilibration with an S-poor alloy (~2 wt.% S), C is depleted more in the silicate MO relative to N and S (due to C being more siderophile than N and S) leading to the sub-present-day abundances of C in the BSE as well as sub-chondritic C/N and C/S ratios. (B) Here, loss of an early atmosphere formed due to MO degassing is considered along with a single-stage core formation. Under the relevant fO 2 conditions, the solubility of C at MO conditions is less than that of N and S (1, 53, 56, 61) . Therefore, C would be much more enriched in the early atmosphere relative to N and S. Accordingly, loss of an early atmosphere component would deplete the resulting BSE in C, resulting in sub-chondritic C/N and C/S ratios. (For details, see Methods Section). After the merger of the volatile-bearing impactor with a volatile-free proto-Earth, the present-day abundances of C, N, and S in the BSE (dark grey areas) dictate the target mass ratio of the impactor. wt.% S in the alloy), whereas it does not change significantly between 10 and 36 wt.% S (marked by a box) in the alloy. To achieve C enrichment in the mantle of the impactor via C saturation in the alloy requires >10 wt.% S in our simulations, because, for <10 wt.% S in the alloy, a low alloy/silicate S D would require a superchondritic bulk S in order to have sufficient S content in the alloy. The data represented by empty grey circles (44, 72, 73) lies in a lower fO 2 range than that which is relevant for our simulations. Therefore, the data represented by colored symbols and filled grey circles (3, 4, 14) , lying in a limited fO 2 range, is used in our simulations. Additionally, n is the number of distinct specimens for which measurements are averaged; data from refs. 68 and 69. * The overlaps represent the probability density area of the overlap, e.g., 0.05 probability density area overlap within a 2-σ range (95% confidence interval) means that there is a 5% area overlap over the 2-σ range for the C/N ratio of the BSE and a given class of carbonaceous chondrites. (ThB1), similar to the composition of a natural tholeiite basalt (ThB), used in several previous high-pressure alloy-silicate partitioning experimental studies was used as the silicate fraction of our starting mixes. The experiments were held at 850 °C for 2-12 h before being raised to the target temperature in order to reduce the porosity of graphite capsules and prevent the leakage of the slicate and alloy melta b Mixture of ThB1 basalt and Fe-Ni-N±S alloy (see Table S2 a n is the number of measurements averaged to obtain the reported compositions. n of 20/4 should be read as 20 spots measured using EPMA and 4 spots measured using SIMS. b NBO/T = (2×Total O)/T -4, where T = Si + Ti + Al + Cr + P b.d.l. = below detection limit
